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MEMORANDUM FOR FILE 

1 .0  I n t r o d u c t i o n  

November 9 w a s  r e c e n t l y  d e s i g n a t e d  as t h e  launch  
d a t e  f o r  SL-1; it i s  planned t h a t  SL-2 w i l l  b e  launched  one 
o r  t w o  days l a t e r .  The launch t i m e  selected fo r  SL-1,  i n  
c o n c e r t  w i t h  t h e  number o f  days between l aunches  and t h e  
d u r a t i o n s  o f  t h e  m i s s i o n s ,  w i l l  un ique ly  de t e rmine  t h e  l i g h t i n g  
c o n d i t i o n s  p r e v a l e n t  d u r i n g  launch  and r ecove ry  o p p o r t u n i t i e s .  
T h i s  i s  because  t h e  launch  and r ecove ry  si tes each  ro t a t e  i n t o  
t h e  workshop o r b i t  p l a n e  0 .4  hours  ear l ier  each  successive day 
due t o  t h e  combined e f f e c t s  of o r b i t a l  r e g r e s s i o n  and t h e  
e a r t h ' s  r o t a t i o n .  Th i s  memorandum p r e s e n t s  a device which 
g r a p h i c a l l y  d i s p l a y s  t h e s e  i n t e r r e l a t i o n s .  

2.0 Device D e s c r i p t i o n  

A g r a p h i c a l  dev ice  f o r  de t e rmin ing  t h e  r e l a t i o n s h i p s  
between launch  c o n d i t i o n s  a n d  t h e  subsequent  l i g h t i n g  a t  
v a r i o u s  s p e c i f i c  l a t i t u d e s  w a s  p r e s e n t e d  p r e v i o u s l y ;  Refer- 
ence  1. The device p r e s e n t e d  h e r e  i s  q u i t e  s imi l a r  i n  n a t u r e .  
However, i n s t e a d  of  p r e s e n t i n g  t h e  l i g h t i n g  c o n d i t i o n s  a t  
v a r i o u s  l a t i t u d e s  selected from t h e  s t a n d p o i n t  o f  per forming  
photography,  l i g h t i n g  da ta  s p e c i f i c a l l y  f o r  the  l aunch  and 
r ecove ry  s i t e  l a t i t u d e s  (viz.  l aunch  -28.65ON, Pacif ic  r ecove ry  - 
2 1 . 4 O N ,  A t l a n t i c  recovery  - 32ON) are p r e s e n t e d .  For  t h e  
p r e s e n t  purpose,  " d a y l i g h t "  is  i n t e r p r e t e d  t o  mean the i n t e r v a l  
f r o m  t w o  hour s  b e f o r e  s u n r i s e  u n t i l  t w o  hours  before s u n s e t .  
Due t o  t h e  long  d u r a t i o n  (236 days )  of t h e  t o t a l  Skylab  program, 
t h e  s e a s o n a l  v a r i a t i o n s  of s u n r i s e  and s u n s e t  were f a c t o r e d  
i n t o  t h e  p r e p a r a t i o n  of t h e  data.  

The l i g h t i n g  d a t a  f o r  t h e  three l a t i t u d e s  of  1 

i n t e r e s t  are keyed t o g e t h e r  i n  order t o  d i s p l a y  as a u n i t  
t h e  l i g h t i n g  p r e v a i l i n g  a t  launch ,  and the co r re spond ing  
l i g h t i n g  a t  t h e  two recovery  s i tes  a t  t h e  end o f  t h e  mis s ion .  
A b l o c k  of such  t h r e e - l a t i t u d e  d a t a  i s  p r e s e n t e d  as a t r a n s -  
parency  f o r  each  o f  t h e  SL-2, SL-3, and SL-4 m i s s i o n s ;  
F i g u r e  1. An a d d i t i o n a l  f i g u r e  b e a r i n g  scales of "SL-1 
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l aunch  t i m e "  and " d a t e  of launch r e l a t ive  t o  nominal' ' i s  
a l s o  provided  a s  a b a s e  on which t h e  t h r e e  m i s s i o n  t r a n s -  
p a r e n c i e s  can  be  manipula ted ;  F igu re  2 .  The l a s t  component 
of t h i s  m i s s i o n  p l ann ing  dev ice  i s  a t r a n s p a r e n c y  c a r r y i n g  
a s i n g l e  v e r t i c a l  l i n e ;  F i g u r e  3 .  This  i s  employed i n  t h e  
s a m e  manner as t h e  c u r s o r  of a s l i d e  r u l e .  

The c l o c k  t i m e s  i n d i c a t e d  on t h e  t r a n s p a r e n c i e s  
a r e  i n  t e r m s  o f  E a s t e r n  S tandard  T i m e  f o r  t h e  l aunch  scales 
and Local Mean Solar  T i m e  f o r  t h e  r ecove ry  s c a l e s .  The 
scale marked " A t l a n t i c  R e c . "  p r e s e n t s  t i m e  and l i g h t i n g  
i n f o r m a t i o n  f o r  t h e  descending  c r o s s i n g  of  32ON l a t i t u d e  
and,  s t r i c t l y  speak ing ,  i s  v a l i d  r e g a r d l e s s  of whether  o r  
n o t  t h e  e a r t h  i s  o r i e n t e d  such t h a t  t h e  A t l a n t i c  Ocean i s  
under  t h a t  p a r t  of  t h e  o r b i t .  Tha t  i s ,  t h e  d a t a  i s  e q u a l l y  
v a l i d  f o r  a descending  c r o s s i n g  r e c o v e r y  a t  32ON i n  t h e  
P a c i f i c .  S i m i l a r l y ,  t h e  s c a l e  marked " P a c i f i c  R e c . "  
p r e s e n t s  t i m e  and l i g h t i n g  i n f o r m a t i o n  f o r  an ascending  
c r o s s i n g  of 21.4 'N l a t i t u d e .  The d e s i g n a t i o n s  " A t l a n t i c "  
and " P a c i f i c "  are used s imply because an ascending  r ecove ry  
i n  t h e  P a c i f i c  and a descending r ecove ry  t o  t h e  A t l a n t i c  
o f f e r  p o s t  r e t r o - b u r n  ground t r a c k i n g .  

The  concep t s  t o  keep i n  mind when u s i n g  t h e  d e v i c e  
are t h a t  g i v e n  t h e  t i m e  of  day of  l aunch ,  and t h e  nominal 
i n s e r t i o n  c o n d i t i o n s ,  t h e  o r i e n t a t i o n  o f  t h e  o r b i t  w i t h  
r e s p e c t  t o  t h e  sun i s  p r e d i c t a b l e  w i t h  s u b s t a n t i a l  accuracy  
f o r  t h e  Skylab m i s s i o n  d u r a t i o n .  The l o c a t i o n  o f  t h e  space-  
c r a f t  i n  i t s  o r b i t ,  however, i s  e s s e n t i a l l y  t o t a l l y  unpre- 
d i c t a b l e  f o r  Skylab m i s s i o n  d u r a t i o n s .  
m e r i d i a n  f o r  t h e  l a n d i n g  recovery  zone i s  s e l e c t e d ,  i t  i s  
o n l y  p o s s i b l e  t o  p r e d i c t  p re-miss ion ,  t h e  t i m e  o f  l a n d i n g  
e x p r e s s e d  i n  s a y ,  E a s t e r n  S tandard  T i m e ,  t o  w i t h i n  + abou t  
4 5  minutes .  The l o c a l  t ime a t  t h e  recovery  s i t e  i s - a c c u r a t e l y  
p r e d i c t a b l e  and of  c o u r s e ,  t h i s  i s  t h e  parameter  of i n t e r e s t  
s i n c e  it i n d i c a t e s  t h e  amount of d a y l i g h t  remain ing  f o r  t h e  
r e c o v e r y  o p e r a t i o n s .  

Once t h e  c e n t r a l  

I t  shou ld  f u r t h e r  be  no ted  t h a t  t h e  t i m e s  shown 
on t h e  s c a l e s  are correct r e g a r d l e s s  of  SL-1 l aunch  d a t e  
though t h e  e x a c t  t i m e  of s u n r i s e  and s u n s e t  would b e  some- 
what e r r o n e o u s .  

A f t e r  removing t h e  t w o  t r a n s p a r e n c i e s  and t h e  
b a s e  f i g u r e  from the memorandum, t h e  s i m p l e s t  v e r s i o n  o f  
t h e  d e v i c e  can be  assembled a s  f o l l o w s .  S e p a r a t e  t h e  
l i g h t i n g  d a t a  i n t o  t h r e e  s t r i p s  by c u t t i n g  on t h e  l i n e s  
i n d i c a t e d .  P o s i t i o n  t h e  t h r e e  s t r i p s  i n  h o r i z o n t a l  rows 
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on t h e  base f i g u r e ,  p a r a l l e l  t o  t h e  two scales a t  t h e  bottom. 
Next,  l a y  t h e  c u r s o r  t r anspa rency  on t o p  w i t h  t h e  c u r s o r  l i n e  
running  v e r t i c a l l y .  The s t r i p s  f o r  t h e  t h r e e  mis s ions  can  
now be  i n d i v i d u a l l y  s l i d  t o  t h e  r i g h t  o r  l e f t ,  as can t h e  
c u r s o r  l i n e .  

P o s i t i o n i n g  t h e  t h r e e  m i s s i o n  s t r i p s  so t h a t  t h e  
v e r t i c a l  "nominal" marks a l l  l i n e  up w i t h  " 0 "  on t h e  " d a t e  
o f  l aunch  r e l a t i v e  t o  nominal" scale sets up t h e  c o n d i t i o n s  
f o r  t h e  nominal m i s s i o n  sequence;  i . e . ,  SL-2  launched on 
day 1 and r ecove red  on day 2 9 ,  SL-3  l aunched  on day 9 0  and 
r ecove red  on day 1 4 6 ,  and SL-4 launched on  day 180 and 
r ecove red  on day 2 3 6 .  S e t t i n g  t h e  c u r s o r  on a s e l e c t e d  SL-1 
launch  t i m e  u s i n g  t h e  a p p r o p r i a t e  scale a t  t h e  bottom of  
t h e  b a s e  f i g u r e  d i s p l a y s  t h e  r e s u l t i n g  l i g h t i n g  c o n d i t i o n s  
and l o c a l  t i m e s  o f  occu r rences  f o r  t h e  l aunch  and recovery  
e v e n t s  o f  t h e  nominal mi s s ion  sequence.  Fo r  example, a noon 
l aunch  o f  S L - 1  would have t h e  fo l lowing  impact  on  t h e  nominal 
m i s s i o n  sequence.  SL-2  would have t o  be launched a t  abou t  
1 1 : 3 0 .  Twenty-eight days  l a t e r ,  SL-2  cou ld  be r ecove red  
e i t h e r  a t  n i g h t  i n  t h e  P a c i f i c  a t  abou t  a h a l f  a n  hour  b e f o r e  
midn igh t ,  o r  i n  t h e  A t l a n t i c  a t  abou t  08:30.  SL-3  would 
t h e n  nominal ly  be  launched j u s t  a f t e r  midn igh t ,  and f i f t y - s i x  
days l a t e r  could  b e  r ecove red  in t h e  P a c i f i c ,  a g a i n  a t  n i g h t ,  
a t  a b o u t  one o ' c l o c k  i n  t h e  morning. SL-4 cou ld  b e  launched  
i n  d a y l i g h t  a f e w  minutes  a f t e r  noon, and cou ld  b e  r ecove red  
i n  t h e  P a c i f i c  a few minutes  b e f o r e  1 3 : 0 0 ,  f i f t y - s i x  days  
l a t e r .  

The e f f e c t  of advancing o r  d e l a y i n g  t h e  launch  of  
a p a r t i c u l a r  m i s s i o n  i s  r e v e a l e d  by s l i d i n g  t h e  da t a  b lock  
f o r  t h e  m i s s i o n  t o  t h e  r i g h t  o r  l e f t  by t h e  a p p r o p r i a t e  
number of days  on t h e  " d a t e  of launch  r e l a t i v e  t o  nominal" 
scale. Cons ider  t w o  examples of S L - 1  a g a i n  launched a t  noon. 
F i r s t ,  S L - 3  i s  t o  be launched t e n  days  e a r l y  ( i . e . r  on  day 
8 0 ) ,  and second,  SL-4 i s  t o  be launched  t e n  days l a t e  ( i . e . ,  
on day 1 9 0 ) .  With t h e s e  miss ion  m o d i f i c a t i o n s  the l aunch  of 
S L - 3  would be  a t  n i g h t  ( a b o u t  0 4 : 0 0 ) ,  w h i l e  t h e  launch  of 
SL-4  would be i n  t h e  morning (about  08 :15) .  A d a y l i g h t  
P a c i f i c  r ecove ry  o f  S L - 3  s h o r t l y  b e f o r e  05:OO and a d a y l i g h t  
P a c i f i c  r ecove ry  of  SL-4 a t  about  09:OO cou ld  t h e n  b e  
schedu led  a f t e r  mis s ions  of t h e  nominal 56-day mis s ion .  

The r ecove ry  zone l i g h t i n g  which w i l l  be a v a i l a b l e  
i n  t h e  e v e n t  of an e a r l y  manned m i s s i o n  t e r m i n a t i o n  can a l so  
be de t e rmined  s i n c e  it i s  e q u i v a l e n t  t o  t h e  nominal r e t u r n  
c o n d i t i o n s  f o r  a l aunch  t h e  same number o f  days  ea r l i e r .  
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S i n c e  it may be  d e s i r a b l e  t o  c o n s i d e r  o t h e r  
p o s s i b l e  recovery  p o i n t s  ( t h a t  i s  - o t h e r  l a t i t u d e s ) ,  
F i g u r e  4 p r e s e n t s  t h e  d i f f e r e n c e s  i n  l o c a l  t i m e  a t  t h e  
o r b i t  c r o s s i n g s  r e l a t i v e  t o  t h e  t i m e s  shown i n  F i g u r e  1 
as a f u n c t i o n  o f  l a t i t u d e .  The d i f f e r e n c e  o b t a i n e d  from 
t h e  c u r v e  l a b e l e d  "Ascending" should be  a p p l i e d  t o  t h e  
d a t a  f o r  t h e  P a c i f i c  r ecove ry .  The "Descending'' d i f f e r e n c e s  
are t o  be  a p p l i e d  t o  t h e  A t l a n t i c  r ecove ry  t i m e s .  I f  
d e s i r e d ,  it i s  a s imple  m a t t e r  t o  c o n s t r u c t  t r a n s p a r e n c i e s  
s i m i l a r  t o  t h o s e  i n  F i g u r e  1 f o r  o t h e r  recovery  l a t i t u d e s .  
Simply s h i f t  t h e  r ecove ry  s c a l e  hour  marks on F i g u r e  1 by 
t h e  amounts i n d i c a t e d  by F igu re  4 .  Local  t i m e  o f  s u n r i s e  
and s u n s e t  d a t a  f o r  t h e  l a t i t u d e  o f  i n t e r e s t  can be  added 
by c o n s u l t i n g ,  f o r  example,  t h e  d a i l y  pages o f  t h e  N a u t i c a l  
Almanac. 

I t  i s  a p p a r e n t  from t h e  p reced ing  exanp les  t h a t  
the f o u r  deg rees  of freedom i n h e r e n t  i n  this m i s s i o n  
p l a n n i n g  d e v i c e  p e r m i t  t h e  r a p i d  v i s u a l i z a t i o n  of t h e  
e f f e c t s  on launch  and r ecove ry  l i g h t i n g  o f  a l l  p o s s i b l e  
launch  t ime/miss ion  sequence Combinations.  The q u e s t i o n  
of  t h e  most f a v o r a b l e  SL-1 launch t ime/miss ion  sequence 
combina t ion  i s  addres sed  i n  t h e  f o l l o w i n g  s e c t i o n .  

3 .0  D i scuss ion  

A few s imple  man ipu la t ions  w i t h  t h i s  d e v i c e  w i l l  
d i s c l o s e  t h e  SL-1 l aunch  t ime/mission sequence combina t ions  
which p e r m i t  d a y l i g h t  l aunches  and recoveries,  and/or  a l l o w  
some number of  days of  e a r l y  d a y l i g h t  r e c o v e r y ,  and/or  a l l o w  
some minimum number of days o f  d a y l i g h t  launch  c a p a b i l i t y ,  
e t c . ,  c a n  be  q u i t e  e a s i l y  c o n t r i v e d .  I t  i s  t h e r e f o r e ,  
a p p a r e n t  t h a t  t h e  m o s t  f a v o r a b l e  "answer" cannot  b e  o b t a i n e d  
s o l e l y  on t h e  b a s i s  of  launch  and recovery  l i g h t i n g  cons id-  
e r a t i o n s .  Paramount among t h e  o t h e r  f a c t o r s  which must 
n e c e s s a r i l y  be  t a k e n  i n t o  account  a r e  pad turn-around t i m e s ,  
t h e  t i m e  h i s t o r y  o f  t h e  a n g l e  of t h e  s o l a r  v e c t o r  t o  t h e  
o r b i t  p l a n e  ( b e t a )  , t h e  d i s t r i b u t i o n s  o f  E a r t h  Resources  
Experiment  Package (EREP)  photography o p p o r t u n i t i e s ,  and 
t h e  d i s t r i b u t i o n s  of  c l o u d  cover  o v e r  s e l e c t e d  e a r t h  r e s o u r c e s  
ground s i tes .  

L i t t l e  need b e  s a i d  r e g a r d i n g  t h e  f i r s t  f a c t o r .  
Obvious ly ,  some o t h e r w i s e  a t t r a c t i v e  mis s ion  sequences may 
be  r u l e d  o u t  if t h e  r e q u i r e d  turn-around t i m e s  are  u n a t t a i n -  
a b l e .  
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The importance of beta s t e m s  from two d i s t i n c t l y  
s e p a r a t e  c o n s i d e r a t i o n s .  F i r s t ,  t h e r e  i s  a c o n s t r a i n t  t h a t  
t h e  workshop may n o t  e n t e r  t h e  z-local v e r t i c a l  a t t i t u d e  
f o r  EREP photography when beta  exceeds 50'. Consequent ly ,  
p l a c i n g  t h e  h i g h  be ta  p e r i o d  near  t h e  c e n t e r  o f  t h e  mis s ion  
w i l l  impact  EREP coverage as w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  
paragraph .  Secondly,  a t  t h e  t e r m i n a t i o n  o f  each mis s ion  t h e  
CSM guidance  p l a t f o r m  must be a l i g n e d  b e f o r e  s e p a r a t i o n .  
However, t h e  necessa ry  p l a t f o r m  a l ignment  cannot  b e  accom- 
p l i s h e d  if t h e  o r b i t  i s  t o t a l l y  s u n l i t  ( a  minimum of abou t  
15  minutes  of da rkness  d u r i n g  an o r b i t  i s  r e q u i r e d ) .  
Consequent ly ,  t h e  c h o i c e  of SL-1 launch  t i m e  and m i s s i o n  
sequence  must  be such as t o  res t r ic t  beta n o t  t o  exceed 
65 '  ( t h e  v a l u e  g i v i n g  1 5  minutes  of n i g h t  p e r  o r b i t  a t  
235 nm a l t i t u d e )  a t  t h e  t e r m i n a t i o n  of each m i s s i o n .  
S i m i l a r l y ,  t h e r e  must be s u f f i c i e n t  da rkness  i n  t h e  o r b i t  
t o  a l l o w  f o r  a p l a t f o r m  a l ignment  a f t e r  o r b i t a l  i n s e r t i o n  
of t h e  Skylab  C S M ' s  a t  t h e  beginning  of  each  manned mis s ion .  
Somewhat h i g h e r  v a l u e s  of be ta  can  be t o l e r a t e d  s i n c e  t h e  
CSM i s  i n  a lower o r b i t ;  t h e  e x a c t  l i m i t i n g  v a l u e  depends 
on t h e  t i m e  of  CSM l aunch .  

The v a l u e s  of b e t a  du r ing  t h e  mis s ion  as a f u n c t i o n  
of  launch  d a t e  and t i m e  can be de termined  from a cu rve  
p r e s e n t e d  i n  Reference  1. 

The d i s t r i b u t i o n  of  EREP photography o p p o r t u n i t i e s ,  
and t h e  d i s t r i b u t i o n s  o f  c loud  cove r  ove r  e a r t h  r e s o u r c e s  
ground s i t e s  ( t h e s e  a r e ,  as y e t ,  u n i d e n t i f i e d )  are a d d i t i o n a l ,  
i n t e r r e l a t e d  f a c t o r s  t o  b e  cons ide red .  I n  t e r m s  o f  t h e s e  
f a c t o r s  t h e  overa l l  mi s s ion  p r o f i l e  i d e a l l y  shou ld  b e  des igned  
t o  a c h i e v e  s e v e r a l  g e n e r a l  o b j e c t i v e s .  F i r s t ,  photography 
o p p o r t u n i t i e s  shou ld  be a r r anged  t o  o c c u r  n e a r  t h e  middle  
of  each  m i s s i o n ,  r a t h e r  t h a n  a t  e i t h e r  end ,  i n  o r d e r  t o  maxi- 
m i z e  t h e i r  p o t e n t i a l  u s e f u l n e s s .  Second, t h e  o c c u r r e n c e  o f  
photography o p p o r t u n i t i e s  should  be a r r anged  so as t o  b e  
n e i t h e r  too h e a v i l y  n o r  t o o  s p a r s e l y  c o n c e n t r a t e d  i n  any one 
mis s ion .  T h i r d l y ,  t h e  occurrence  of photography o p p o r t u n i t i e s  
shou ld  b e  a r r anged  t o  minimize d i s r u p t i o n  t o  t h e  c r e w  t i m e l i n e .  
I n t e r r u p t i o n  of a schedu led  s l e e p  p e r i o d  t o  per form an EREP 
p a s s ,  f o r  example, shou ld  be  avoided.  And, f o u r t h ,  photography 
o p p o r t u n i t i e s  of EREP ground s i t e s  shou ld  b e  a r r anged  t o  
o c c u r  a t  loca l  t i m e s  of day and d u r i n g  months of t h e  y e a r  
which a s s u r e  a h igh  p r o b a b i l i t y  of  encoun te r ing  a c c e p t a b l e  
c l o u d  cove r .  
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I n  summary, t h e  dev ice  p r e s e n t e d  h e r e  p r o v i d e s  
an e a s y  way t o  de te rmine  launch and r ecove ry  l i g h t i n g  
c o n d i t i o n s  f o r  a p a r t i c u l a r  launch d a t e  and t i m e .  There 
a r e ,  however, a number of o t h e r  f a c t o r s  which shou ld  be  
c o n s i d e r e d  i n  t h e  s e l e c t i o n  of t h e  " b e s t "  launch  t i m e s .  

D.  A.  Corey 

1025-EwR-li DAC g t 2 f l v  E .  W .  Radany 
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REFERENCE 

1. "Pre l imina ry  Skylab  M i s s i o n  P lanning:  G r a p h i c a l  
Determina t ion  of L i g h t i n g  Cons ide ra t ions" ,  Bel lcorn  
Memorandum f o r  F i l e ,  E .  W .  Radany, March 31, 1 9 7 0 .  
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